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$\mathrm{e}_{\iota\text{ }}$, $\mathrm{p}.\mathrm{d}1^{\backslash }\mathrm{a}\mathrm{m}\mathrm{e}\mathrm{t}\mathrm{r}\mathrm{i}\mathrm{Z}\mathrm{e}$ $\xi_{1},$ $\xi\underline{\cdot)}$
$\mathrm{e}_{1},$ $\mathrm{e}_{2}$ (Fig 2)
$\mathrm{e}_{i}$ .
$\mathrm{e}_{j}$ $=$ $\bigwedge_{j}\prime ij$ , $\mathrm{e}^{i}$
. . $\mathrm{e}^{j\prime.ij}=\wedge\prime \mathrm{Y}^{\cdot}$ $\mathrm{e}^{i}\cdot \mathrm{e}_{j}=\wedge.r_{j}’i$ ,
(1)
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\mbox{\boldmath $\delta$}W \mbox{\boldmath $\delta$}^.4
$\delta.R=\delta W+\alpha\delta A$ (4)
\alpha $\delta W$ ( 1) ( 2)
\mbox{\boldmath $\delta$}tt’l \mbox{\boldmath $\delta$}l:\nu =2
\mbox{\boldmath $\delta$}.\iota .V=\mbox{\boldmath $\delta$}Wrl+\mbox{\boldmath $\delta$} ) (5)
\mbox{\boldmath $\delta$}W\sim $(k=1,2)$
$\delta.\mathrm{I}\prime \mathrm{V}_{k}^{\cdot}=.[\int 1^{\cdot}.\cdot\cdot d\prime\prime \mathrm{T}_{\mathrm{t}ji}ij_{1\mathit{1}.\prime\delta 1}\prime lA$ (6)














$x’=X(\xi.)i(\xi \mathrm{i}+\epsilon w.\cdot)\mathrm{e}_{\mathrm{n}}(\xi^{i}.)$ (8)
\epsilon $>0$ (8)
$dx’\cdot dx^{;}=dx\cdot dx+2\epsilon wcly\cdot C\iota \mathrm{e}_{\mathrm{n}}+\epsilon^{2}w^{2}c\iota_{\mathrm{e}\cdot C}\mathrm{n}l\mathrm{e}\mathrm{n}+\epsilon^{\underline{)}}c\iota_{u}|\underline{\prime)}$
$=\wedge iijd\xi^{*}.d\xi^{j}-2\epsilon wH_{i}\prime jd\xi^{i_{\zeta}}\iota_{\xi+}j22(2\epsilon wHH_{ij}-I\dot{\mathrm{i}},-\wedge\prime ij)\zeta\iota_{\xi\zeta\iota}.ii.\xi^{j}$ (9)
$+\epsilon^{2}w_{*},\cdot w_{i}d\xi^{i}d\xi j$




$\wedge’\mathfrak{l}’11^{\wedge}f22’-\wedge f^{\prime 2}12$ $=$ $\wedge t’11\gamma’.22^{-\tau^{2}}\wedge\cdot\iota 211-4\epsilon wH$
(11)
$+$ $\epsilon^{2}(4w^{2}H^{2}+2w^{2\prime}I\mathrm{c}+\bigwedge_{fw},’,wij\prime i,j’)+\cdots]$
. . . $O(\epsilon^{3})$
$\sqrt{\wedge\tau’}=\sqrt{\wedge T}[1-2\epsilon wH+\epsilon^{2}(w^{2\prime}I\backslash +.\frac{1}{\mathit{2}}\wedge\tau^{ij}w_{i},w_{j},:)+\cdots]$ (12)
$\wedge\cdot 4_{\text{ }}$ .$\cdot$4’
$A= \int.[\sqrt{\wedge T}d\xi^{1}c\iota\xi^{2},$ $A’= \int.[\sqrt{\wedge i^{l}}\zeta l\xi^{1}C\iota_{\xi^{2}}$ , (13)
$\delta‘ 4$ $=A’-A$
$=$ $.[ \int\sqrt{\wedge},$ $[-2 \epsilon wH+\epsilon^{2}(w^{2}I\mathrm{t}’+.\frac{1}{2}\wedge\tau’ijw_{i},w,j’)+\cdots]c\iota\xi^{1}cl\xi^{2}$ (14)
$=$ $\delta^{(1)}.\cdot\wedge\cdot 4+\delta^{\mathrm{t}}.2)A+\cdots$
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(14) $O(\epsilon)$ – \mbox{\boldmath $\delta$}(1)J4 $O(\epsilon^{2})$ \mbox{\boldmath $\delta$}(2)A
$\xi^{2}$ ( ) $b$ Hele-Shavv cell
$2H \equiv\kappa=\frac{\prime w_{\backslash ^{\mathrm{s}_{4}}}1}{(1+lL_{\mathrm{e}}^{2}1)^{\frac{l}{9\sim}}},‘,‘.\backslash$ . $K=0$ (15)
\xi 1 $\mathrm{p}\mathrm{a}$rametrize $s$ (15)




$=$ $-b.[\kappa ds$ (16)
$\delta^{(2)}..\cdot 4$
$=$ $. \frac{b}{\mathit{2}}.[w^{2},d\backslash ^{\mathrm{Y}}s$ (17)





$\mathrm{e}_{1}’$ $=$ $(1-\epsilon wH_{11})e_{1}+\epsilon w,\backslash \mathrm{e}\backslash \cdot,\iota$
$e_{2}’$ $=$ $\mathrm{e}_{2}$
$\mathrm{e}_{\tau\iota}’$ $=$ $\frac{1}{\sqrt{\wedge j’}}[\mathrm{e}_{1}’\mathrm{x}\mathrm{e}_{2}’]$ (18)
$=$ $-(\epsilon w_{\mathrm{g}},+2^{2}\epsilon ww,sH)\mathrm{e}_{1}$
$+$ $[1+ \epsilon w(2H-H_{11})+\epsilon^{2}(-2HH_{1}1w^{2}+\frac{1}{2}w_{\backslash }^{2},)*)]e_{n}+\cdots$
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\mbox{\boldmath $\delta$}W \mbox{\boldmath $\pi$}ij\acute
$= \frac{1}{b}.\mathit{1}_{-\frac{1}{l1}}^{\frac{1}{b}}’,\mathrm{T}^{\dot{?}^{j_{\zeta}}}l.\xi^{2}$
\xi 2 x’j\rightarrow \mbox{\boldmath $\pi$}ij
$e_{n}$ (6) $\delta v_{l}\mathrm{i}=\epsilon w\mathrm{e}_{\mathfrak{l}\iota}$. $(1_{\backslash },=1)$
(7) $\mathrm{U}$ $p_{1}$ $p_{1}$ $= \prime p_{1}’w+\frac{1}{2}p_{1}\prime\prime w^{2}+\cdots$
$\delta \mathrm{I}\prime \mathrm{f}_{1}’$
’
$=$ $- \int.\mathit{1}^{p_{1^{\wedge}\mathrm{t}}\cdot-},’.\prime jj..\prime d41\iota_{\dot{J}}\delta \mathrm{t}l_{i}$
$=$
$- \epsilon.[\int p_{1}^{\prime_{w}}d.4-\frac{\epsilon^{\underline{)}}}{\mathit{2}}\int.[\mathit{1}\mathit{3}_{1}^{l/}w^{\mathit{2}_{\zeta}}l_{\wedge}.4+\cdots$ (19)
$=$ $\delta^{(1)}\mathrm{I}:\nu:_{1}+\delta^{()}\vee\cdot 2\mathrm{I}=\eta_{\perp}.\cdot+\cdots$ .
(14) –
$(\mathrm{k}=\mathit{2})$ $\prime p_{2}=0$ (6) (7) $(18)$
$\delta \mathrm{I}’\nu^{r}.2$ $=$ $’ \eta_{2}\int.\mathit{1}^{f}\wedge\cdot\cdot.\epsilon we,d\iota-\prime \mathrm{r}\mathrm{e}\mathrm{J}j\prime j4$




(4) (5) $(16)_{\text{ }}$ (19) (20) \mbox{\boldmath $\delta$}R -- \mbox{\boldmath $\delta$}(1)R $=\mathrm{U}$
$p_{1}’=af_{\ddot{\vee}}+7|_{2_{l}}\wedge\cdot f.33$ (21)











$w_{\delta \mathrm{c}},$. $+\lambda w+E.w2=\mathrm{U}$ (22)
\mbox{\boldmath $\lambda$} $=^{I^{\prime’’}}$($\chi^{\text{ }}E$. $= \frac{\prime l_{\vee^{-3}}^{?}t.s1}{\mathrm{t}\mathrm{t}}$ (22) \mbox{\boldmath $\lambda$}
E
fillger
(22) phase $\mathrm{p}_{\mathrm{o}\mathrm{r}}\mathrm{t}\mathrm{r}\mathrm{a}$it Fig .3 flow \mbox{\boldmath $\lambda$} $>0_{\backslash }.E<0$
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$\bullet$ Fig.1 viscous fingering ( M. Kawaguchi)
$\bullet$ Fig 2
$\bullet$ Fig.3 $\mathrm{p}\mathrm{h}\mathrm{f}\mathrm{f}\mathrm{l}\mathrm{e}$ Portrait
$\bullet$ Fig 4 viscous fingering ( M. $\mathrm{I}\backslash \mathrm{a}\backslash \prime \mathrm{h}\prime \mathrm{a}_{\mathrm{r}}^{0}\sim \mathfrak{U}\mathrm{C}$) $\mathrm{h}\mathrm{i}\mathrm{I}$
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o . 1 Fig 3
$[$ $|)$
Fig 2 $\Gamma \mathrm{i}_{h^{\Gamma}}.4$
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